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httcense.Abstract Background: Virtual laryngoscopy is a non invasive computed tomography based tech-
nique that allows dynamic intra-luminal laryngeal evaluation resembling direct laryngoscopy.
Objective: The aim of this prospective study is to evaluate the accuracy, clinical value and limita-
tion of VL in the diagnosis of laryngeal masses in comparison to conventional laryngoscopy.
Patients and methods: Forty-two (42) patients with different laryngeal lesions (VL) was performed
through advantage window navigation system (GE) using volume rendering reconstruction ﬂy and
through technique to navigate the laryngeal lumen.
Results: Forty-two patients with different laryngeal pathology were examined, hoarseness of voice
in 27 patients 67.5%, stridor in 17 cases 42.5%, followed by chronic cough in 11 patients 27.5%, the
laryngeal lesions was 18 carcinoma 45%, 13 subglottic stenosis 32.5%, 6 polyps 15%, 2 nodules 5%
and 1 papilloma 2.5%, direct laryngoscopy was performed for 40 patients and all cases were path-
ologically proved.
Conclusion: VL is an additive tool in conjunction with the direct laryngoscopy and easily reaches
the lower limit of the lesion compared to direct laryngoscopy.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.358448.
ail.com (A.S. Ragheb).
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Vocal cord polyps are the most common structural abnormality
that causes hoarseness while vocal cord nodules have an inci-
dence of 6–25% of patients with voice problems. Cysts were
found less frequently than polyps and nodules. Laryngeal carci-
noma is the most common head and neck cancer worldwide (1).
Indirect and ﬁberoptic laryngoscopy has the main role in
the evaluation of laryngeal lesions specially the glottic and
supraglottic lesions, yet there are certain areas that are notgyptian Society of Radiology and Nuclear Medicine.
.05.009
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incomplete (2).
Direct laryngoscopy allows direct visualization of mucosa
and can be used for biopsy. However, it is invasive, requires
general anesthesia and depends on the surgeon’s experience;
in addition viewing is limited to the lumen with restriction of
transmural evaluation, as well as, the larynx has a complex
anatomy and multiple regions as subglottic area, ventricle
and commissures which may not be easily and fully evaluated
by direct laryngoscopy (3).
Various diagnostic imaging methods of the larynx such as
computed tomography (CT) and magnetic resonance imaging
(MRI) have been developed and it is now possible to diagnose
laryngeal lesions not only morphologically but also quantita-
tively (4).
The rapid pace of technological advance in the last few
years has made it possible to simulate virtual endoscopies
based on Multi-detector Computed Tomography (MDCT) or
MRI data-sets. A suitable threshold value is required between
the visceral lumen and wall structure of larynx, to allow differ-
entiation of these structures (5).
MDCT can acquire volume data with high speed scanning
and provide high quality multiplanar reformation (MPR),
three-dimensional reconstruction (3D) and virtual laryngos-
copy (CTVL) (6). The advent of combined axial images with
post-processing MPR, 3D and CTVL may offer a further tool
in the evaluation of the intra-and extra-luminal structures
within only one study (7). CT generated three dimensional
(3D) reconstructions allow the observation of the cavities
and anatomic structures with details (8). For anatomic charac-
teristics (limited extension, air content, position and limited
mobility), the larynx is a particularly suitable structure for
CTVL examination (9).
The aim of this study is to evaluate the accuracy, clinical
value and limitation of VL in the diagnosis of laryngeal masses
in comparison to conventional laryngoscopy.2. Patients and methods
This prospective study was performed in the otorhinolaryngol-
ogy and radiodiagnosis departments, Zagazig University hos-
pitals. This study was done over a period from December
2011 to November 2012.
Subjects included in this prospective study were divided
into control and study groups. The control group included
10 patients who were undergoing neck CT for thyroid swelling
for whom, virtual laryngoscopy was done to identify the nor-
mal virtual laryngoscopy appearance of the different laryngealFig. 1 Normal larynx appeared by endoscopstructures. Those ten patients were evaluated and considered
as normal both by conventional and virtual laryngoscopic
examinations (Fig. 1).
The study group included 42 patients with different laryn-
geal lesions. Inclusion criteria; patients had laryngeal lesions
and need direct laryngoscopy for surgical intervention and
biopsy was taken. Exclusion criteria are patients had laryngeal
lesions treated conservatively, no biopsy available after direct
laryngoscopy and patients refuse surgery. Complete history
taking as well as full general and otorhinolaryngological exam-
ination was performed for each case included in the study.
These patients were ﬁrst examined and diagnosed by the two
otolaryngology authors separately and blindly using Hopkins
rod rigid laryngoscope 70 or 90 (Carl Storz) and/or ﬁberop-
tic laryngoscopy with photo documentation and video record-
ing using camera (Carl Storz).
MDCT-virtual laryngoscopy studies were performed for all
patients within the same week before direct laryngoscopy. No
preprocedural patient preparation is needed to evaluate the
airways. The radiologists’ readers were blinded to the subjects’
clinical and endoscopic results.
Direct laryngoscopy was done under general anesthesia and
biopsies were subsequently obtained for all patients in the
study group. Direct endoscopic examination included the visi-
ble and palpable extent and nature of the lesion, mobility of
the vocal cords, the state of the laryngeal mucosa and lumen.
Histopathologic evaluation of the masses was also made for all
lesions.
2.1. Image acquisition
All CT examinations were performed using (8-slice Hi-speed
helical CT general electric, medical system). The patients
underwent axial CT examination of the neck in supine posi-
tion. Scans were started immediately after injection of water
soluble contrast media (Telebrix or Urograﬁn 76%) in a toler-
ated dose to patient weight and age (0.1 ml/kg) with a power
injector at a rate of 4 ml per second. Examination was carried
in the cranio caudal direction from skull base to level of aortic
arch. Patients were asked not to swallow. The following
parameters were used; 3 mm collimation, 1.5 pitch, 1 mm
reconstruction interval, range 16–18 cm FOV, 130–200 mA,
120–140 kV and 512 · 512 matrix.
2.2. Image interpretation
The CT data were transferred to a workstation (advantage
window 4.3 medical system) for virtual laryngoscopyic view (A), Axial CT (B) and CTVL (C).
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to display laryngeal structures, followed by 3D surface
rendering reconstruction using air way protocol to produce
3D images. Using navigation virtual endoscopy software,
CTVL image by cranio-caudal or caudo-cranial was obtained.
The processing time for each case ranged from 20 to 30 min.
Radiological diagnosis was done through the three radiologist
authors separately then together, the radiologists’ readers were
blinded to the patients’ clinical and endoscopic results.
Images from CTVL examinations were interpreted by the
radiologists to assess the site, extension, surface characteristics
and size of the lesions. The degree of encroachment on the air-
way, subglottic extension and cartilages involvement were also
assessed. Data from virtual laryngoscopy were compared with
those obtained from the conventional laryngoscope and all the
lesions were pathologically proved.
2.3. Finding interpretation
The results of CTVL were analyzed and compared with the ﬁ-
nal diagnosis, which was established by the ﬁndings of direct
laryngoscopy (as the gold standard diagnostic procedure)
and histopathological ﬁndings. As regards the vocal cord
mobility, the range of mobility was clearly visible by conven-
tional endoscopy in all cases but they were not clearly identi-
ﬁed by VL.
Zagazig University ethics committee had approved this
study and informed written consent was signed by every
patient.
2.4. Statistical analysis
Data were analyzed then sensitivity, speciﬁcity, accuracy, pre-
dictive value of positivity and predictive value of negativity of
CTVL were recorded.
3. Results
The 3D reconstruction and the virtual endoscopy were con-
ducted on 42 patients. But two patients had been excluded
from the results because of poor diagnostic quality of the
examination owing to non cooperation as reconstruction failed
because of swallowing artifacts during image acquisition.
Patients enrolled in the study group were 32 males (75%)
and 10 females (25%) with age range from 2.5 to 67 years
(mean age 36 years). Hoarseness of voice was the most com-
mon presenting symptom as it was seen in 27 patients
(67.5%), then stridor in 17 patients (42.5%), followed by
chronic cough in 11 patients (27.5%). dysphagia, neck pain,Table 1 Detection of different laryngeal lesions by CTVL and end
Laryngeal lesions Number (percent)
Squamous cell carcinoma 18 (45%)
Subglottic stenosis 13 (32.5%)
Polyps 6 (15%)
Nodules 2 (5%)
Papilloma 1 (2.5%)
Total 40 (100%)and palpable mass in the neck were less commonly complained
by patients.
The distribution of laryngeal lesions of the included 40 pa-
tients was; 18 laryngeal carcinomas (45%), 13 subglottic steno-
sis (32.5%), 6 polyps (15%), 2 nodules (5%), 1 papilloma
(2.5%) (Table 1). All the lesions were pathologically proved.
All laryngeal carcinomas proved histopathologically to be
Squamous cell carcinoma and subglottic stenosis was either
ﬁbrosis or non speciﬁc granulation. The control group (10 pa-
tients) was evaluated and considered as normal both by con-
ventional and virtual laryngoscopic examinations (Fig. 1).
The images generated in the computer had a large visual
resemblance with the images found in the actual laryngoscopy
(Figs. 2–4). With exclusion of patients with nodules, 100% of
the lesions could be identiﬁed by both CTVL and endoscopy
(Table 1).
The location and extension of the laryngeal lesions in
CTVL agreed with those of actual direct laryngoscopy in
all laryngeal carcinomas and subglottic stenosis and could
evaluate the subglottic extension of large laryngeal carci-
noma and severe subglottic stenosis (Figs. 2–4) (Tables 1
and 2).
CTVL could detect the laryngeal lesions with high sensitiv-
ity, speciﬁcity, and accuracy (95%, 100% and 96%, respec-
tively) (Table 3). CTVL was reliable and accurate alternative
to conventional endoscopy in identifying subglottic extension
of large laryngeal carcinomas and length of subglottic stenosis.
CTVL was also reliable in identifying deep extension and car-
tilage invasion assessment (Figs. 3 and 5).
In addition, CT virtual laryngoscopy revealed the structure
of subglottic region and distal portion of strictured airway giv-
ing better measurement of the length and volume of the le-
sions, which were not easily measured by actual
laryngoscopy (Figs. 3 and 5).
However direct endoscopy was more valuable in identifying
vocal cord involvement and ﬁxation in patients with laryngeal
neoplasms and small lesions (nodules).
Endoscopy was also found much better to visualize surface
characteristic of the lesions (irregularity, consistency, kerato-
sis, mucosal cover, and blood vessels’ pattern under magniﬁca-
tion) that could not be assessed with CTVL (Figs. 2 and 3). As
VL could only assess surface characteristic of 4 cases with sin-
gle VC polyp (Fig. 4) (Table 3).
As regards the vocal cord mobility, the range of mobility
was clearly visible by conventional endoscopy in all cases but
they could not be clearly identiﬁed by VL (Table 2).
CTVL is sensitive in assessment of the larynx beyond the
large supraglottic and glottic masses obscuring the view of
conventional endoscopy (Fig. 5). It is particularly useful in
the presence of severe subglottic laryngeal stenosis.oscopy.
Detection by endoscopy Detection by CTVL
18 (100%) 18 (100%)
13 (100%) 13 (100%)
6 (100%) 6 (100%)
2 (100%) 0 (0%)
1 (100%) 1 (100%)
40 (100%) 38 (95%)
Fig. 2 (A) Endoscopic view of right vocal cord mass. (B) Axial CT scan shows diffuse thickening of right true vocal cord. (C) VL Shows
diffuse right vocal cord thickening with no subglottic extension.
Fig. 3 (A) Endoscopic view of large right glottic and supraglottic mass while subglottic extension could not be adequately seen well by
rigid endoscopy. (B) Axial CT scan shows large ill deﬁned right vocal cord mass. (C) CTVL deﬁned the right glottic mass and could
exclude subglottic extension.
500 A.S. Ragheb et al.4. Discussion
The use and application of the three-dimensional (3D) recon-
structions generated from suitable ﬁles (DICOM) of CT or
MRI have been expanding recently. This allows physicians
to observe anatomic cavities and structures with an incredible
amount of details and can display even the textures of different
tissues (2,10).CTVL is the computer-generated, three dimensional recon-
struction of two-dimensional CT images (10). It is becoming
widely used as non-invasive clinical diagnosis tools. For the
detection of some pathology, such as vocal-cord polyps and
nodules, edema, bilateral leukoplakia and vocal cord tumor,
virtual laryngoscopy has been shown to be simple and effective
tool (11). For clinical applications, the accuracy of segmenta-
tion and rendering is essential in detecting the lesions.
Fig. 4 (A) Endoscopic view of sessile right vocal cord polyp. (B) Axial CT scan shows right vocal cord polyp (superﬁcial). (C) CTVL
shows right vocal cord polyp (superﬁcial).
Table 2 Assessment of details of laryngeal lesions using CTVL, pre operative conventional endoscopy and DL.
Lesion description details CTVL Pre operative
conventional endoscopy
DL
Deep extension assessment 40/40 (100%) 0/40 (0%) 19/40 (47.5%)
Subglottic extension of laryngeal carcinoma and subglottic stenosis 31/31 (100%) 14/31 (45.2%) 21/31 (67.7%)
Mucosal surface characteristic (irregularity, consistency,
keratosis, mucosal cover, and blood vessels’ pattern under magniﬁcation)
4/40 (10%) 33/40 (82.5%) 40/40 (100%)
VC mobility 0/40 (0%) 40/40 (100%) 40/40 (100%)
Table 3 Statistical analysis of CTVL results.
Sensitivity (%) Speciﬁcity (%) Accuracy (%) PVPa (%) PVNb (%)
CTVL 95 100 96 100 83.03
a Predictive value of positivity.
b Predictive value of negativity.
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reach the lowest resolution of the CT images or MRI images.
Image segmentation of a clean airway lumen, as well as other
different tissues within the neck, is necessary prior to surface or
volume rendering (12).
Different methods were used successfully for the diagnosis
of treatment of many laryngeal diseases (2). Rigid endoscope
was used in otolaryngology outpatient clinic for laryngeal eval-
uation with the advantage that the image is larger, brighter and
clearer which allowing earlier diagnosis (10).
Unfortunately, not all patients can tolerate the rigid laryn-
goscope especially those with a sensitive gag reﬂex, patients
with limit of jaw or neck mobility or patients suffering from
stridor. It is also difﬁcult in most infants and children (6,11).
We agree with Joachim Kettenbach et al. (13), that rigid
endoscopes, however, require general anesthesia, which may
limit clinical application in high-risk patients, whereas ﬂexibleendoscopy depends on a cooperative patient and on a very
experienced endoscopist. Furthermore, congenital anomalies
or acquired stenosis may inhibit passage of the endoscope.
In addition, viewing is limited strictly to the lumen, which lim-
its the transmural evaluation of lesions. Cross-sectional imag-
ing, using spiral CT or MRI and post-processing of imaging
data sets, may offer an additional evaluation tool for those dif-
ﬁcult clinical situations and provide additional information
about the larynx that cannot be obtained with laryngoscopy.
The results of this study revealed that very small lesions
such as vocal cord nodules could not be visualized by VL be-
sides. The problem that was affecting the results as motion
artifacts results from involuntary swallowing but it was limited
only to 2 patients out of 42 patients (4.8%). Virtual laryngos-
copy is capable of simulating the visual ﬁndings of endoscopy
in cases of laryngeal tumors and subglottic stenosis. These re-
sults are similar to the results of Aschoff et al. (11).
Fig. 5 Huge laryngeal lesion completely occludes the laryngeal lumen. (A) Endoscopic view just sees the upper surface of this occluding
lesion. (B) Axial CT and VL show severe occlusion of the laryngeal lumen. (C) Below the level of the obstruction, VL shows patent lumen
with no lesion extension to subglottic area.
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tumor, its inﬁltration and invasion of the laryngeal skeleton
can sometimes be hard to assess. Thus, laryngoscopy alone
may not be sufﬁcient in some cases to judge the extent of inﬁl-
trative processes or measure the exact inﬁltration of a tumor.
For this reason CT is often used to supplement laryngoscope
as an additional imaging tool in the estimation of tumor exten-
sion and size (12). In our study, the deep extension was clearly
depicted by VL in all patients while only 19 patients (47.5%)
could be evaluated by direct laryngoscopy.
CTVL could detect the laryngeal lesions in our study with
high sensitivity, speciﬁcity, and accuracy (95%, 100% and
96%, respectively) that higher than reported by Beser et al.
(14) who reported that VL sensitivity was 88% (23/26) while
its speciﬁcity was only 50% (6/12). But this may be as the total
number of their patients was about half our patients. Besidesthat they included 6 lesions (out of 26 with an incidence
23%) detected in VL but not in conventional laryngoscopy re-
sulted from the ﬁnding of viscous-dense mucous secretion
while in our study patients were properly treated right from
the ﬁrst diagnosis of any acute infection.
CT virtual endoscopy is a post processing tool that is easy
to perform and that can aid in depicting disorders of the large
airways without additional radiation or cost other than added
time in post-processing. The beneﬁts of this technique include
noninvasive diagnostic surveillance and preoperative planning.
So it is very helpful as a complimentary part of laryngeal lesion
evaluation especially subglottic stenosis and laryngeal carci-
noma. In our study subglottic extension was really evaluated
in 31 patients while only 21 out of 31 patients were evaluated
by direct laryngoscopy. These results are similar to the results
of Yuling et al. (3).
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gions of the larynx in combination with the cross sectional
images thus ﬁlling in any diagnostic gaps in CT cuts (15).
As regards mucosal abnormalities’ detection, it was clear
from the results of this study that it could be evaluated nearly
only by conventional laryngoscopy. This is attributed to the
hypothesis that asymmetry is a guide to pathology on endos-
copy, but asymmetries on CT, particularly in the larynx, are
most often caused by poor aeration (16). Because of this, VL
has a low value in evaluating mucosal lesions of the larynx
(2). This was also reported by Basiouny et al. (17) who stated
that VL failed to identify mucosal surface irregularity and
destruction in 8 cases which were clearly depicted by conven-
tional endoscopy.
As regards subglottic stenosis, endoscopy failed to assess
lower limit and length while, even high grade stenosis could
be passed with VL that was impassable for laryngoscopy this
result is in agreement with that of Hoppe et al. (16).
VL is sensitive in assessment of the larynx beyond the large
supraglottic and glottic masses obscuring the view of ﬁberoptic
endoscopy. It is particularly useful in the presence of severe
laryngeal stenosis especially in the sub glottic regions and does
not require sedation and additional scanning. It is of a value in
follow up patients with previous laryngeal carcinoma treated
by radiotherapy or conservative surgery.
On the other hand, VL showed limits in the identiﬁcation of
early laryngeal lesion which could be detected by ﬁberoptic
endoscopy.
We agree with the postulation that the little use of CTVL in
the diagnosis of laryngeal pathologies as the technique has not
yet reached daily clinical practice may be due to the general
interest or unavailability of suitable CT machine or lack of
knowledge about its role.
5. Conclusion
Virtual laryngoscopy is not an alternative to conventional lar-
yngoscopy but may assist direct endoscopy without causing
additional radiation exposure or discomfort to the patient.
VL was found to be more valuable than DL for detection of
lower limit and submucosal deep extension of the lesions, so
it is preferred to be included as a preoperative routine work
(as apart of CT) in subglottic stenosis and laryngeal carcinoma
so it is recommended to be added to be a part of laryngeal CT.
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